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The investigation of the traveling wave solutions for nonlinear
partial differential equations plays an important role in the
study of nonlinear physical phenomena. Nonlinear wave
phenomena appear in various scientiﬁc and engineering ﬁelds,
such as ﬂuid mechanics, plasma physics, optical ﬁbers, biology,
solid state physics, chemical kinematics, chemical physics and
geochemistry. Nonlinear wave phenomena of dispersion,dissipation, diffusion, reaction and convection are very impor-
tant in nonlinear wave equations. In the past several decades,
there have been signiﬁcant improvements in the study of exact
solutions. A variety of powerful methods, such as, the Miura
transformation [1], the Jacobi elliptic function expansion
method [2], the Adomian decomposition method [3,4], the sol-
itary wave ansatz method, [5,6], the wave translation method
[7], the ansatz method [8,9], the Darboux transformation meth-
od [10], the Cole–Hopf transformation method [11], the (G0/
G)-expansion method [12–20], the novel (G0/G)-expansion
method [21], the improved (G0/G)-expansion method [22,23],
the modiﬁed simple equation method [24,25], the Exp-function
method [26–28], the inverse scattering transform method [29],
the extended generalized Riccati equation mapping method
[30], the F-expansion method [31] have been developed for
nonlinear dispersive and dissipative problems.
Recently, Naher and Abdullah [32] introduced the new
generalized (G0/G)-expansion method for a reliable treatment
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cle is to search for new study relating to the new generalized
(G0/G)-expansion method for solving the (3+1)-dimensional
potential-YTSF equation and the (2+1)-dimensional modiﬁed
Zakharov–Kuznetsov equations to demonstrate the compe-
tence and straightforwardness of the method.
Our interest in the present work is the implementation of
the new generalized (G0/G) expansion method to stress its
power in handling nonlinear equations, so that one can apply
it to models of various types of nonlinearity. In Section 2, we
describe the method for ﬁnding exact traveling wave solutions
of nonlinear evolution equations. In Section 3, we apply this
method to obtain the traveling wave solution to the (3+1)-
dimensional potential-YTSF equation and the (2+1)-dimen-
sional modiﬁed Zakharov–Kuznetsov equations. In Section 4,
the results are discussed. In Sections 5 advantages of the meth-
od and in Section 6 physical explanations are offered. In Sec-
tion 7, some graphs of the solutions are provided and in
Section 8 conclusions are conferred.
2. Description of the new generalized (G0/G)-expansion method
Let us consider a general nonlinear PDE in the form
Lðu; ut; ux; uy; uz; utt; uxx; uyy; uzz; . . .Þ ¼ 0; ð1Þ
where u= u(x, y, z, t) is an unknown function, L is a polyno-
mial in u(x, y, z, t) and its derivatives in which the highest or-
der derivatives and nonlinear terms are involved and the
subscripts stand for the partial derivatives.
Step 1:We combine the real variables x,y, z and t by a com-
pound variable g
uðx; y; z; tÞ ¼ uðgÞ; g ¼ xþ yþ z Vt; ð2Þ
where V is the speed of the traveling wave. The traveling wave
transformation (2) converts Eq. (1) into an ordinary differen-
tial equation (ODE) for u= u(g):
Mðu; u0; u00; u000; uiv; uv; . . .Þ ¼ 0; ð3Þ
where M is a polynomial of u and it derivatives and the super-
scripts indicate the ordinary derivatives with respect to g.
Step 2: According to possibility, Eq. (3) can be integrated
term by term one or more times, yields constant(s) of integra-
tion. The integral constant may be zero for simplicity.
Step 3: Suppose the traveling wave solution of Eq. (3) can
be expressed as follows:
uðgÞ ¼
XN
i¼0
aiðdþ SÞi þ
XN
i¼1
biðdþ SÞi; ð4Þ
where either aN or bN may be zero, but both aN and bN cannot
be zero at a time, ai (i= 0, 1, 2, . . ., N) and bi(i= 1, 2, . . ., N)
and d are arbitrary constants to be determined later and S(g) is
given by
SðgÞ ¼ ðG0=GÞ ð5Þ
where G= G(g) satisﬁes the following auxiliary nonlinear or-
dinary differential equation:
AGG00  BGG0  EG2  CðG0Þ2 ¼ 0 ð6Þ
where the prime stands for derivative with respect to g; A, B, C
and E are real parameters.Step 4: To determine the positive integer N, taking the
homogeneous balance between the highest order nonlinear
terms and the derivatives of the highest order appearing in
Eq. (3).
Step 5: Substitute Eqs. (4) and (6) including Eq. (5) into Eq.
(3) with the value of N obtained in Step 4, we obtain polyno-
mials in (d+ S)N (N= 0, 1, 2, . . .) and (d+ S)N
(N= 0, 1, 2, . . .). Then, we collect each coefﬁcient of the re-
sulted polynomials to zero yields a set of algebraic equations
for ai(i= 0, 1, 2, . . ., N) and bi(i= 1, 2, . . ., N), d and V.
Step 6: Suppose that the value of the constants
ai(i= 0, 1, 2, . . ., N), bi(i= 1, 2, . . ., N), d and V can be found
by solving the algebraic equations obtained in Step 5. Since the
general solution of Eq. (6) is well known to us, inserting the
values of ai(i= 0, 1, 2, . . ., N), bi(i= 1, 2, . . ., N), d and V into
Eq. (4), we obtain more general type and new exact traveling
wave solutions of the nonlinear partial differential Eq. (1).
Using the general solution of Eq. (6), we have the following
solutions of Eq. (5):
Family 1: When B „ 0, w= A – C and X= B2 + 4E
(A  C) > 0,
SðgÞ ¼ G
0
G
 
¼ B
2w
þ
ﬃﬃﬃﬃ
X
p
2w
C1 sinh
ﬃﬃ
X
p
2A
g
 
þ C2 cosh
ﬃﬃ
X
p
2A
g
 
C1 cosh
ﬃﬃ
X
p
2A
g
 
þ C2 sinh
ﬃﬃ
X
p
2A
g
  ð7Þ
Family 2: When B „ 0, w= A – C and X= B2 + 4E
(A  C) < 0,
SðgÞ ¼ G
0
G
 
¼ B
2w
þ
ﬃﬃﬃﬃﬃﬃﬃXp
2w
C1 sin
ﬃﬃﬃﬃﬃXp
2A
g
 
þ C2 cos
ﬃﬃﬃﬃﬃXp
2A
g
 
C1 cos
ﬃﬃﬃﬃﬃXp
2A
g
 
þ C2 sin
ﬃﬃﬃﬃﬃXp
2A
g
  ð8Þ
Family 3: When B „ 0, w= A – C and X= B2 + 4E
(A  C) = 0,
SðgÞ ¼ G
0
G
 
¼ B
2w
þ C2
C1 þ C2g ð9Þ
Family 4: When B= 0, w= A – C and D= wE> 0,
SðgÞ ¼ G
0
G
 
¼
ﬃﬃﬃ
D
p
w
C1 sinh
ﬃﬃ
D
p
A
g
 
þ C2 cosh
ﬃﬃ
D
p
A
g
 
C1 cosh
ﬃﬃ
D
p
A
g
 
þ C2 sinh
ﬃﬃ
D
p
A
g
  ð10Þ
Family 5: When B= 0, w= A – C and D= wE< 0,
SðgÞ ¼ G
0
G
 
¼
ﬃﬃﬃﬃﬃﬃﬃDp
w
C1 sin
ﬃﬃﬃﬃﬃ
D
p
A
g
 
þ C2 cos
ﬃﬃﬃﬃﬃ
D
p
A
g
 
C1 cos
ﬃﬃﬃﬃﬃ
D
p
A
g
 
þ C2 sin
ﬃﬃﬃﬃﬃ
D
p
A
g
  ð11Þ3. Applications of the method
In this section, we will exert the new generalized (G0/G)-
expansion method discussed in Section 2 to solve two NPDEs.
3.1. The (3+1)-dimensional potential-YTSF equation
In this subsection, we will use the new generalized
(G0/G)-expansion method to look for the exact solutions and
then the solitary wave solutions to the (3+1)-dimensional po-
tential-YTSF equation. Let us consider the (3+1)-dimensional
potential-YTSF equation
4uxt þ uxxxz þ 4uxuxz þ 2uxxuz þ 3uyy ¼ 0: ð12Þ
The new approach of the generalized (G0/G)-expansion method for nonlinear evolution equations 597Yu et al. [33] studied the integrable systems in higher
dimensions which can be written by the trilinear form instead
of by the Hirota’s bilinear form. Being guided by the strong
symmetry, they proposed a new integrable equation in (3+1)
dimensions called the potential-YTSF equation.
Substituting the traveling wave variable v(g) = u(x, y, z, t),
g= x+ y+ z  Vt, Eq. (12) leads to an ODE:
4Vv00 þ vð4Þ þ 6v0v00 þ 3v00 ¼ 0: ð13Þ
Integrating Eq. (13) once and letting the integral constant
to zero, we obtain
4V; v0 þ v000 þ 3ðv0Þ2 þ 3v0 ¼ 0 ð14Þ
Taking the homogeneous balance between (v0)2, we obtain
N= 1. Therefore, the solution of Eq. (14) takes the form:
vðgÞ ¼ a0 þ a1ðdþ SÞ þ b1ðdþ SÞ1; ð15Þ
where a0, a1, b1 and d are constants to be determined.
Substituting Eq. (15) together with Eqs. (5) and (6) into Eq.
(14), the left-hand side is converted into polynomials in
(d+ S)N (N= 0, 1, 2, . . .) and (d+ S)N (N= 1, 2, . . .). We
collect each coefﬁcient of these resulted polynomials and set-
ting them zero yields a set of simultaneous algebraic equations
(for simplicity the equations are not presented here) for a0, a1,
b1, d and V. Solving these algebraic equations with the help of
symbolic computation software, such as, Maple, we obtain the
following:
a0 ¼ a0; b1 ¼ 0; d ¼ d; a1 ¼ 2w
A
; V ¼  1
4A2
ð3A2 þ 4Ewþ B2Þ; ð16Þ
where w= A  C, a0, A, B and E are free parameters.
Substituting Eq. (16) into Eq. (15), together with Eq. (7)
and simplifying yields the following traveling wave solutions
(if C1 = 0 but C2 „ 0; C2 = 0 but C1 „ 0):
v1ðgÞ ¼ a0 þ 1A 2wdþ Bþ
ﬃﬃﬃﬃ
X
p
coth
ﬃﬃ
X
p
2A
g
  
;
v2ðgÞ ¼ a0 þ 1A 2wdþ Bþ
ﬃﬃﬃﬃ
X
p
tanh
ﬃﬃ
X
p
2A
g
  
;
where g ¼ xþ 1
4A2
ð3A2 þ 4Ewþ B2Þt.
Substituting Eq. (16) into Eq. (15), along with Eq. (8) and
simplifying, we obtain the following exact solutions (if
C1 = 0 but C2 „ 0; C2 = 0 but C1 „ 0):
v3ðgÞ ¼ a0 þ 1A 2wdþ Bþ i
ﬃﬃﬃﬃ
X
p
coth
ﬃﬃ
X
p
2A
g
  
;
v4ðgÞ ¼ a0 þ 1A 2wdþ B i
ﬃﬃﬃﬃ
X
p
tanh
ﬃﬃ
X
p
2A
g
  
;
Substituting Eq. (16) into Eq. (15) together with Eq. (9) and
simplifying, we obtain
v5ðgÞ ¼ a0 þ 1
A
2dwþ Bþ 2w C2
C1 þ C2g
 
;
Substituting Eq. (16) into Eq. (15), along with Eq. (10) and
simplifying, we obtain following traveling wave solutions (if
C1 = 0 but C2 „ 0; C2 = 0 but C1 „ 0):
v6ðgÞ ¼ a0 þ 1A 2wdþ 2
ﬃﬃﬃ
D
p
coth
ﬃﬃ
D
p
A
g
  
v7ðgÞ ¼ a0 þ 1A 2wdþ 2
ﬃﬃﬃ
D
p
tanh
ﬃﬃ
D
p
A
g
  
;
Substituting Eq. (16) into Eq. (15), together with Eq. (11) and
simplifying, the obtained solutions become (if C1 = 0 but
C2 „ 0; C2 = 0 but C1 „ 0):v8ðgÞ ¼ a0 þ 1A 2wdþ 2i
ﬃﬃﬃ
D
p
cot
ﬃﬃﬃﬃﬃ
D
p
A
g
  
;
v9ðgÞ ¼ a0 þ 1A 2wd 2i
ﬃﬃﬃ
D
p
tan
ﬃﬃﬃﬃﬃ
D
p
A
g
  
:3.2. The (2+1)-dimensional modiﬁed Zakharov–Kuznetsov
equation
In this subsection, we examine the (2+1)-dimensional modi-
ﬁed Zakharov–Kuznetsov equation to construct exact travel-
ing wave solutions including solitons, periodic solutions, and
rational solutions via the new generalized (G0/G)-expansion
method.
We consider the (2+1)-dimensional modiﬁed Zakharov–
Kuznetsov equation ([18]):
ut þ u2ux þ uxxx þ uxyy ¼ 0: ð17Þ
This equation represents an anisotropic two-dimensional gen-
eralization of the KdV equation and can be derived in magne-
tized plasma for small amplitude Alfven waves in a critical
angle to the undisturbed magnetic ﬁeld and has been exam-
ined by many researchers because of its signiﬁcance. How-
ever, Eq. (17) possesses lots of interesting traveling wave
structures which have not yet been found. In the study of
equations modeling wave phenomena, one of the fundamental
objectives is the traveling wave solutions, indicating a solution
of constant form going with a ﬁxed velocity. Traveling wave
whether their solution expressions are in explicit or implicit
forms are very interesting from the viewpoint of applications.
These kinds of waves will not alter their proﬁles during prop-
agation and thus are simple to identify. Our interest in this
article is to investigate three types of traveling wave: the sol-
itary waves which are localized traveling waves, asymptoti-
cally zero at large distance, the periodic waves and the kink
waves, which rise or move down from one asymptotic shape
to another.
Using the traveling wave variable w(g) = u(x, y, t),
g= x+ y  Vt, Eq. (17) is carried to an ODE:
Vw0 þ 6w2w0 þ 2w000 ¼ 0: ð18Þ
Integrating Eq. (18), we obtain
K Vwþ 1
3
w3 þ 2w00 ¼ 0; ð19Þ
where K is an integration constant.
Applying the homogeneous balance between w3 and w00 in
Eq. (19), we obtain N= 1. Therefore, the solution of Eq.
(19) is of the form:
wðgÞ ¼ a0 þ a1ðdþ SÞ þ b1ðdþ SÞ1; ð20Þ
where a0, a1, b1 and d are constants to be determined.
Substituting Eq. (20) together with Eqs. (5) and (6) into Eq.
(19), the left-hand side is converted into polynomials in
(d+ S)N (N= 0, 1, 2, . . .) and (d+ S)N (N= 1, 2, . . .). We
collect each coefﬁcient of this resulted polynomial and setting
them to zero yields a set of simultaneous algebraic equations
(for minimalism the equations are not introduced here) for
a0, a1, b1, d and V. Solving these algebraic equations with
the help of symbolic computation software, such as, Maple,
we obtain the following:
598 M.N. Alam, M. Ali Akbara0 ¼  3ð2dwþ BÞ
A
ﬃﬃﬃﬃﬃﬃ3p ; b1 ¼ 0; d ¼ d;
a1 ¼  2
ﬃﬃﬃﬃﬃﬃ3p w
A
; V ¼  1
A2
ð4Ewþ B2Þ; K ¼ 0: ð21Þ
where w= A  C, a0, A, Band E are free parameters.
Substituting Eq. (21) into Eq. (20), together with Eq. (7)
and simplifying, we obtain the following traveling wave solu-
tions (if C1 = 0 but C2 „ 0; C2 = 0 but C1 „ 0):
w1ðgÞ ¼  3
ﬃﬃ
X
pﬃﬃﬃﬃ3p A coth
ﬃﬃ
X
p
2A
g
 
;
w2ðgÞ ¼  3
ﬃﬃ
X
pﬃﬃﬃﬃ3p A tanh
ﬃﬃ
X
p
2A
g
 
;
where g ¼ x 1
A2
ð4Ewþ B2Þt.
Substituting Eq. (21) into Eq. (20), along with Eq. (8) and
simplifying, the exact solutions respectively become (if
C1 = 0 but C2 „ 0; C2 = 0 but C1 „ 0):
w3ðgÞ ¼  3i
ﬃﬃ
X
pﬃﬃﬃﬃ3p A cot
ﬃﬃﬃﬃﬃXp
2A
g
 
;
w4ðgÞ ¼  3i
ﬃﬃ
X
pﬃﬃﬃﬃ3p A tan
ﬃﬃﬃﬃﬃ
X
p
2A
g
 
;
Substituting Eq. (21) into Eq. (20) together with Eq. (9) and
simplifying, we obtainTable 1 Comparison between Song and Ge’s solutions [13] and ob
Song and Ge’s solutions [13]
i. If C1 = 0 and u(n) = v1(U), solutions Eq. (5.16) becomes:
v1ðUÞ ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
k2  4l
q
coth
ﬃﬃﬃﬃﬃﬃﬃﬃﬃ
k24l
p
n
2
 
 k2þ a0
ii. If C1 = 0 and u(n) = v3(U), solution Eq. (5.18) becomes:
v3ðUÞ ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
4l k2
q
cot
ﬃﬃﬃﬃﬃﬃﬃﬃﬃ
4lk2
p
n
2
 
 k2þ a0
iii. If k2  4l= 0, u(n) = v5(U), solution Eq. (5.17) becomes:
v5ðUÞ ¼ 2 C2C1þC2n
 
 k2þ a0
Beside this table, we obtain further new exact traveling wave solutions v2
been reported in the previous literature. When the arbitrary constants as
functions.
Table 2 Comparison between Bekir [18] solutions and our obtaine
Bekir’s solutions [18]
i. If C1 = 0, C2 „ 0, l= 2 and k= 3 solution Eq. (4.9)
(Bekir’s [18] solution, in Section 4) becomes:
u1;2ðnÞ ¼ i
ﬃﬃﬃ
3
p
coth n2
 
ii. If C2 = 0, C1 „ 0, l= 2 and k= 3 solution Eq. (4.9)
(Bekir’s [18] solution, in Section 4) becomes:
u1;2ðnÞ ¼ i
ﬃﬃﬃ
3
p
tanh n2
 
iii. If C1 = 0, C2 „ 0, l= 2 and k= 2 solution Eq. (4.9)
(Bekir’s [18] solution, in Section 4) becomes:
u3;4ðnÞ ¼ 2i
ﬃﬃﬃ
3
p
cotðnÞ
iv. If C2 = 0, C1 „ 0, l= 2 and k= 2 solution Eq. (4.9)
(Bekir’s [18] solution, in Section 4) becomes:
u3;4ðnÞ ¼ 2i
ﬃﬃﬃ
3
p
tanðnÞ
v. If C1 = 0, C2 = 1, k
2  4l= 0 and k= 2 solution Eq. (4.9)
(Bekir’s [18] solution, in Section 4) becomes:
u5;6ðnÞ ¼ i
ﬃﬃﬃ
3
p
2
x
 
Beside this table, we obtain further new exact traveling wave solutions
reported in the previous literature. When the arbitrary constants assum
functions.w5ðgÞ ¼  6wﬃﬃﬃﬃﬃﬃ3p A
C2
C1 þ C2g
 
;
Putting Eq. (21) into Eq. (20), together with Eq. (10) and sim-
plifying, we obtain following traveling wave but solutions (if
C1 = 0 but C2 „ 0; C2 = 0 but C1 „ 0):
w6ðgÞ ¼  1ﬃﬃﬃﬃ3p A 3B 6
ﬃﬃﬃ
D
p
coth
ﬃﬃ
D
p
A
g
  
;
w7ðgÞ ¼  1ﬃﬃﬃﬃ3p A 3B 6
ﬃﬃﬃ
D
p
tanh
ﬃﬃ
D
p
A
g
  
;
Substituting Eq. (21) into Eq. (20), together with Eq. (11) and
simplifying, the obtained exact solutions respectively become
(if C1 = 0 but C2 „ 0; C2 = 0 but C1 „ 0) respectively:
w8ðgÞ ¼  1ﬃﬃﬃﬃ3p A 3B 6i
ﬃﬃﬃ
D
p
cot
ﬃﬃﬃﬃﬃ
D
p
A
g
  
;
w9ðgÞ ¼  1ﬃﬃﬃﬃ3p A 3Bþ 6i
ﬃﬃﬃ
D
p
tan
ﬃﬃﬃﬃﬃ
D
p
A
g
  
:4. Results and discussion
It is remarkable to point out that some of the obtained solu-
tions show good agreement with the already published solu-
tions. A comparison between Song and Ge’s [13] solutions
and obtained solutions are presented in the following Table 1.tained solutions.
Obtained solutions
i. If A= 1, C= 0, X ¼ k2  4l; d ¼  k2 ;B ¼ k2 then the solution is
v1ðUÞ ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
k2  4l
q
coth
ﬃﬃﬃﬃﬃﬃﬃﬃﬃ
k24l
p
n
2
 
 k2þ a0
ii. If A= 1, C= 0, X ¼ k2  4l; d ¼  k2 ;B ¼ k2 then solutions
v3ðUÞ ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
4l k2
q
cot
ﬃﬃﬃﬃﬃﬃﬃﬃﬃ
4lk2
p
n
2
 
 k2þ a0
iii. If A= 1, C= 0, d ¼  k2 ;B ¼ k2 then solutions
v5ðUÞ ¼ 2 C2C1þC2n
 
 k2þ a0
(U), v4(U), v6(U), v7(U), v8(U) and v9(U) in this article, which have not
sumed particular values the obtained solutions are reduced to special
d solutions.
Obtained solutions
i. If A= 1, C= 2, B= 3, U= n and w1(U) = u1,2(n)
then the solution is u1;2ðnÞ ¼ i
ﬃﬃﬃ
3
p
coth n2
 
ii. If A= 1, C= 2, B= 3, U= n and w2(U) = u1,2(n)
then the solution is u1;2ðnÞ ¼ i
ﬃﬃﬃ
3
p
tanh n2
 
iii. If A ¼ 12, C= 1, E= 5B= 3, U= n and w3(U) = u3,4(n)
then the solution is u3;4ðnÞ ¼ 2i
ﬃﬃﬃ
3
p
cotðnÞ
iv. If A ¼ 12, C= 1, E= 5B= 3, U= n and w4(U) = u3,4(n)
then the solution is u3;4ðnÞ ¼ 2i
ﬃﬃﬃ
3
p
tanðnÞ
v. If A= 1, C= 0, C1 = 0C2 = 1, U= n and w5(U) = u5,6(n)
then the solution is u5;6ðnÞ ¼ i
ﬃﬃﬃ
3
p
2
x
 
w6(U), w7(U), w8(U) and w9(U) in this article, which have not been
ed particular values the obtained solutions are reduced to special
Table 3 Comparison between Naher and Abdullah’s [32] solutions and the solutions obtained in this article.
Naher and Abdullah’s [24] solutions Obtained solutions
i. b1ðaÞ ¼ i
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
3ðk2  4lÞ
q
coth
ﬃﬃﬃﬃﬃﬃﬃﬃﬃ
k24l
p
n
2
 
i. If A= 1,W
1
(/) = b1(a) and X= k
2  4l then the solution is
b1ðaÞ ¼ i
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
3ðk2  4lÞ
q
coth
ﬃﬃﬃﬃﬃﬃﬃﬃﬃ
k24l
p
n
2
 
ii. If k= 0 then ii. If A= 2, B= 0 and D= 4l then solutions
b2ðaÞ ¼ 2
ﬃﬃﬃﬃﬃ
3l
p
tanh
ﬃﬃﬃﬃﬃﬃﬃﬃﬃ
4lk2
p
a
2
 
b2ðaÞ ¼ 2
ﬃﬃﬃﬃﬃ
3l
p
tanh
ﬃﬃﬃﬃﬃﬃﬃﬃﬃ
4lk2
p
a
2
 
iii. If k= 0 and 2i
ﬃﬃﬃ
l
p
tanh 12
ﬃﬃﬃﬃﬃﬃﬃﬃﬃ4lp ¼ B2 then iii. If A= 2,W6(/) = b3(a) and D= 4l then solutions
b3ðaÞ ¼ 
ﬃﬃ
3
p
i ðB2 
ﬃﬃﬃﬃﬃﬃﬃﬃﬃ4lp coth
ﬃﬃﬃﬃﬃﬃ
4l
p
a
2
 
b3ðaÞ ¼ 
ﬃﬃ
3
p
i ðB2 
ﬃﬃﬃﬃﬃﬃﬃﬃﬃ4lp coth
ﬃﬃﬃﬃﬃﬃ
4l
p
a
2
 
iv. b4ðaÞ ¼ i
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
3ðk2  4lÞ
q
tanh
ﬃﬃﬃﬃﬃﬃﬃﬃﬃ
k24l
p
n
2
 
iv. If A= 1,W2(/) = b4(a) and X= k
2  4l then the solution is
b4ðaÞ ¼ i
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
3ðk2  4lÞ
q
tanh
ﬃﬃﬃﬃﬃﬃﬃﬃﬃ
k24l
p
n
2
 
v. If k= 0 then v. If A= 1,W1(/) = b5(a) and X= k
2  4l then the solution is
b5ðaÞ ¼ 2
ﬃﬃﬃﬃﬃ
3l
p
coth
ﬃﬃﬃﬃﬃﬃ
4l
p
a
2
 
b5ðaÞ ¼ 2
ﬃﬃﬃﬃﬃ
3l
p
coth
ﬃﬃﬃﬃﬃﬃ
4l
p
a
2
 
vi. If k= 0 and 2i
ﬃﬃﬃ
l
p
coth 12
ﬃﬃﬃﬃﬃﬃﬃﬃﬃ4lp ¼ B2 then vi. If A= 2,W7(/) = b6(a) and D= 4l then solutions
b6ðaÞ ¼ 
ﬃﬃ
3
p
i ðB2 
ﬃﬃﬃﬃﬃﬃﬃﬃﬃ4lp tanh
ﬃﬃﬃﬃﬃﬃ
4l
p
a
2
 
b6ðaÞ ¼ 
ﬃﬃ
3
p
i ðB2 
ﬃﬃﬃﬃﬃﬃﬃﬃﬃ4lp tanh
ﬃﬃﬃﬃﬃﬃ
4l
p
a
2
 
vii. If a0 = 0 then vii. If A= 1,W2(/) = b7(a) and X= k
2  4l then the solution is
b7ðaÞ ¼ i
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
3ðk2  4lÞ
q
tanh
ﬃﬃﬃﬃﬃﬃﬃﬃﬃ
k24l
p
a
2
 
b7ðaÞ ¼ i
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
3ðk2  4lÞ
q
tanh
ﬃﬃﬃﬃﬃﬃﬃﬃﬃ
k24l
p
a
2
 
viii. If k= 0 and a0 = 0 then viii. If A= 1,W1(/) = b8(a) and X= 4l then the solution is
b8ðaÞ ¼ 2
ﬃﬃﬃﬃﬃ
3l
p
coth
ﬃﬃﬃﬃﬃﬃ
4l
p
a
2
 
b8ðaÞ ¼ 2
ﬃﬃﬃﬃﬃ
3l
p
coth
ﬃﬃﬃﬃﬃﬃ
4l
p
a
2
 
ix. If k= 0, a0 = 0 and 2i
ﬃﬃﬃ
l
p
coth 12
ﬃﬃﬃﬃﬃﬃﬃﬃﬃ4lp ¼ B2 then ix. If A= 2,W7(/) = b9(a) and D= 4l then solutions
b9ðaÞ ¼ 
ﬃﬃ
3
p
i ðB2 
ﬃﬃﬃﬃﬃﬃﬃﬃﬃ4lp tanh
ﬃﬃﬃﬃﬃﬃ
4l
p
a
2
 
b9ðaÞ ¼ 
ﬃﬃ
3
p
i ðB2 
ﬃﬃﬃﬃﬃﬃﬃﬃﬃ4lp tanh
ﬃﬃﬃﬃﬃﬃ
4l
p
a
2
 
x. b10ðaÞ ¼ i
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
3ð4l k2Þ
q
cot
ﬃﬃﬃﬃﬃﬃﬃﬃﬃ
4lk2
p
a
2
 
x. If A= 1,W3(/) = b10(a) and X= k
2  4l then the solution is
b10ðaÞ ¼ i
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
3ð4l k2Þ
q
cot
ﬃﬃﬃﬃﬃﬃﬃﬃﬃ
4lk2
p
a
2
 
xi. If k= 0 then xi. If A= 2, B= 0 and D= 4l then solutions
b11ðaÞ ¼ 2
ﬃﬃﬃﬃﬃ
3l
p
tan
ﬃﬃﬃﬃﬃﬃ
4l
p
a
2
 
b11ðaÞ ¼ 2
ﬃﬃﬃﬃﬃ
3l
p
tan
ﬃﬃﬃﬃﬃﬃ
4l
p
a
2
 
xii. If k= 0 and 2i
ﬃﬃﬃ
l
p
tan 12
ﬃﬃﬃﬃﬃﬃﬃﬃﬃ4lp ¼ B2 then xii. If A= 2,W8(/) = b12(a) and D= 4l then solutions
b12ðaÞ ¼ 
ﬃﬃ
3
p
i ðB2 
ﬃﬃﬃﬃﬃﬃﬃﬃﬃ4lp cot
ﬃﬃﬃﬃﬃﬃ
4l
p
a
2
 
b12ðaÞ ¼ 
ﬃﬃ
3
p
i ðB2 
ﬃﬃﬃﬃﬃﬃﬃﬃﬃ4lp coth
ﬃﬃﬃﬃﬃﬃ
4l
p
a
2
 
xiii. b13ðaÞ ¼ i
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
3ð4l k2Þ
q
tan
ﬃﬃﬃﬃﬃﬃﬃﬃﬃ
4lk2
p
a
2
 
xiii. If A= 1,W4(/) = b13(a) and X= k
2  4l then the solution is
b13ðaÞ ¼ i
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
3ð4l k2Þ
q
tan
ﬃﬃﬃﬃﬃﬃﬃﬃﬃ
4lk2
p
a
2
 
xiv. If k= 0 then xiv. If A= 1,W3(/) = b14(a) and X= 4l then the solution is
b14ðaÞ ¼ 2
ﬃﬃﬃﬃﬃ
3l
p
cot
ﬃﬃﬃﬃ
4l
p
a
2
 
b14ðaÞ ¼ 2
ﬃﬃﬃﬃﬃ
3l
p
cot
ﬃﬃﬃﬃ
4l
p
a
2
 
xv. If k= 0 and 2i
ﬃﬃﬃ
l
p
cot 12
ﬃﬃﬃﬃﬃﬃﬃﬃﬃ4lp ¼ B2 then xv. If A= 2,W9(/) = b15(a) and D= 4l then solutions
b15ðaÞ ¼ 
ﬃﬃ
3
p
i ðB2 
ﬃﬃﬃﬃﬃﬃﬃﬃﬃ4lp tan
ﬃﬃﬃﬃﬃﬃ
4l
p
a
2
 
b15ðaÞ ¼ 
ﬃﬃ
3
p
i ðB2 
ﬃﬃﬃﬃﬃﬃﬃﬃﬃ4lp tan
ﬃﬃﬃﬃﬃﬃ
4l
p
a
2
 
xvi. If a0 = 0 then xvi. If A= 1,W4(/) = b16(a) and X= k
2  4l then the solution is
b16ðaÞ ¼ i
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
3ð4l k2Þ
q
tan
ﬃﬃﬃﬃﬃﬃﬃﬃﬃ
4lk2
p
a
2
 
b16ðaÞ ¼ i
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
3ð4l k2Þ
q
tan
ﬃﬃﬃﬃﬃﬃﬃﬃﬃ
4lk2
p
a
2
 
xvii. If k= 0 and a0 = 0 then xvii. If A= 1,W3(/) = b17(a) and X= 4l then the solution is
b17ðaÞ ¼ 2
ﬃﬃﬃﬃﬃ
3l
p
cot
ﬃﬃﬃﬃ
4l
p
a
2
 
b17ðaÞ ¼ 2
ﬃﬃﬃﬃﬃ
3l
p
cot
ﬃﬃﬃﬃ
4l
p
a
2
 
xviii. If k= 0, a0 = 0 and 2i
ﬃﬃﬃ
l
p
cot 12
ﬃﬃﬃﬃﬃﬃﬃﬃﬃ4lp ¼ B2 then xviii. If A= 2,W9(/) = b18(a) and D= 4l then solutions
b18ðaÞ ¼ 
ﬃﬃ
3
p
i ðB2 
ﬃﬃﬃﬃﬃﬃﬃﬃﬃ4lp tan
ﬃﬃﬃﬃ
4l
p
a
2
 
b18ðaÞ ¼ 
ﬃﬃ
3
p
i ðB2 
ﬃﬃﬃﬃﬃﬃﬃﬃﬃ4lp tan
ﬃﬃﬃﬃ
4l
p
a
2
 
xix. b19ðaÞ ¼ i
ﬃﬃﬃ
3
p
2V
ðUþVaÞ xix. If A= 1, C= 0,W5(/) = b19(a), C2 = V, C1 = U, and then solutions
b19ðaÞ ¼ i
ﬃﬃﬃ
3
p
2V
ðUþVaÞ
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Figure 1 Modulus plot of singular Kink wave, Shape of v1(g)
when A= 4, B= 1, C= 1, E= 1, z= 0, y= 0 and
10 6 x, t 6 10.
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Figure 2 Modulus plot of Kink wave, Shape of v2(g) when
A= 4, B= 1, C= 1, E= 1, z= 0, y= 2and 10 6 x, t 6 10.
600 M.N. Alam, M. Ali AkbarIn addition to this table, we obtain further new exact trav-
eling wave solutions v2(g), v4(g), v6(g), v7(g), v8(g) and v9(g),
which are not reported in the previous literature. When the
arbitrary constants assume particular values the obtained solu-
tions reduce to some special functions (see Table 1).
And comparison between Bekir [18] solutions and the ob-
tained solutions are presented in the following Table 2.
In addition to this table, we obtain more exact traveling
wave solutions w6(g), w7(g), w8(g) and w9(g) in this article,
which have not been reported in the previous literature (see
Table 2).
Finally comparison between Naher and Abdullah’s [32]
solutions and the obtained solutions are presented in the fol-
lowing Table 3.
5. Advantages
The advantages of the new approach of the generalized (G0/G)-
expansion method over the Jacobi elliptic function method
have been discussed in the following:
The main advantage of the new approach of generalized
(G0/G)-expansion method over the Jacobi elliptic function
method is that the method offers more general and huge
amount of new exact traveling wave solutions with some free
parameters. All the solutions obtained by the Jacobi elliptic
function method are obtained by the applied method, and in
addition we obtain some new solutions. The exact solutions
have its great importance to expose the inner mechanism of
the complex physical phenomena. Outside the elemental appli-
cation, the exact solutions of nonlinear evolution equations aid
the numerical solvers to assess the correctness of their results
and assist them in the stability analysis. Algebraic manipula-
tion of the method with the help of Maple is much easier than
the Jacobi elliptic function method.
In the Jacobi elliptic function method if the order of the re-
duced ordinary differential equations is less than or equal
three, with the help of symbolic computation software, such
as Maple, it is mostly possible to ﬁnd out a useful solution
of the algebraic equations resulted in Step 5 of Section 2.
Otherwise, it is usually incapable to guarantee the existence
of solution of the resulted algebraic equations; this is because
the number of the equations included in the set of algebraic
equations is generally greater than the number of unknowns.
But the new generalized (G0/G)-expansion method might be
used less than or equal to fourth-order-reduced ODE, since
it contains more arbitrary constants compared to the Jacobi
elliptic function method. Also the algebraic manipulation of
the method with the help of Maple is much easier than the
other methods.
6. Physical explanations
In this section, we will put forth the physical explanation and
the graphical representation of the determined solutions of
nonlinear evolution equations through the (3+1)-dimensional
potential-YTSF equation and the (2+1)-dimensional modiﬁed
Zakharov–Kuznetsov equations.
i. Solutions v1(g), v5(g) and v6(g) are the singular kink
solution. Fig. 1 shows the shape of the exact singular
kink-type solution v1(g). The shape of ﬁgure of solutionsv5(g) and v6(g) is similar to the ﬁgure of solution v1(g) of
the potential-YTSF equation and therefore the ﬁgures of
these solutions are omitted for convenience.
ii. Solutions v2(g) and v7(g) represent kink. Kink waves are
traveling waves which arise from one asymptotic state to
another. The kink solutions are approach to a constant
at inﬁnity. Fig. 2 shows the shape of the exact kink-type
solution v7(g). Other ﬁgures are omitted for convenience.
The shape of ﬁgure of solutions v2(g) is similar to the ﬁg-
ure of solution v7(g).
iii. Solutions v3(g), v4(g), v8(g) and v9(g) represent the exact
periodic traveling wave solutions. Periodic solutions are
traveling wave solutions that are periodic such as
cos (x  t). Fig. 3 shows the periodic solution of v9(g).
For convenience the ﬁgure is omitted.
iv. Solutions w1(g) and w3(g) are the single soliton solu-
tion. Fig. 4 shows the shape of the exact singular sol-
iton solution of w1(g) of the (3+1)-dimensional
Figure 5 Modulus plot of singular soliton wave, Shape of w8(g)
when A= 2, B= 0, C= 1, E= 1, y= 0 and 10 6 x, t 6 10.
Figure 7 Modulus plot periodic wave, Shape of w9(g) when
A= 1, B= 0, C= 2, E= 2, y= 0 and 10 6 x, t 6 10.
Figure 4 Modulus plot of single soliton wave, Shape of w1(g)
when A= 2, B= 1, C= 4, E= 1, y= 0 and 10 6 x, t 6 10.
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Figure 3 Modulus plot periodic wave, Shape of v8(g) when
A= 1, B= 0, C= 2, E= 2, z= 0, y= 0 and 10 6 x, t 6 10.
Figure 6 Modulus plot of s wolitonave, Shape of w5(g) when
A= 1, B= 2, C= 2, E= 1, y= 0, C1 = 2, C2 = 1 and
10 6 x, t 6 10.
The new approach of the generalized (G0/G)-expansion method for nonlinear evolution equations 601modiﬁed KdV–Zakharov–Kuznetsov equation. The
shape of ﬁgure of solutions w3(g) is similar to the ﬁg-
ure of solution w1(g).
v. Solutions w2(g), w7(g) and w8(g) are the singular soliton
solution. Fig. 5 shows the shape of the exact singular sol-
iton solution of w8(g) of the (3+1)-dimensional modi-
ﬁed KdV–Zakharov–Kuznetsov equation. The shape
of ﬁgure of solutions w2(g) and w7(g) are similar to the
ﬁgure of solution w8(g).
vi. Solutions w5(g) and w6(g) are the soliton solution.
Fig. 6 shows the shape of the exact soliton solution
of Eq. w6(g) of the (3+1)-dimensional modiﬁed
KdV–Zakharov–Kuznetsov equation. The shape of ﬁg-
ure of solutions w5(g) is similar to the ﬁgure of solu-
tion w6(g).
vii. Solutions w4(g) and w9(g) represent exact periodic wave
solutions. Fig. 7 shows the periodic solution of w9(g).
For convenience the other ﬁgure is omitted.
602 M.N. Alam, M. Ali Akbar7. Graphical representations
Some of the obtained traveling wave solutions are represented
in Figs. 1–7 with the aid of symbolic computation software like
Maple.
8. Conclusions
The obtained solutions of these nonlinear evolution equations
have many potential applications in mathematical physics and
engineering. The performance of this method is reliable, simple
and gives many new exact solutions. Though the obtained
solutions represent only a small part of the large variety of pos-
sible solutions for the equations considered, they might serve
as seeding solutions for a class of localized structures existing
in the physical systems. The obtained solutions are in more
general forms, and many known solutions to these equations
are only special cases of them. The solutions contain free
parameters and therefore might be useful in different physical
applications where the equations arise. We observed that the
new generalized (G0/G)-expansion method changes the given
intricate problems into simple problems which can be solved
easily. The method will be functional for further studies of
nonlinear evolution equations in applied sciences.Acknowledgment
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